Malignant melanoma displays a high degree of cellular plasticity during disease progression, making classification of the heterogeneous population and selection of an appropriate therapy challenging. Signals in the tumor microenvironment are believed to influence melanoma plasticity through changes in the epigenetic state to guide dynamic differentiation and de-differentiation events that underlie tumorigenicity and dissemination. Here we uncover a relationship between geometric features at perimeter regions of multicellular melanoma aggregates, and reprogramming to a stem cell-like melanoma initiating cell (MIC) through histone marks H3K4Me2 and H3K9Ac. Using an in vitro tumor microengineering approach, we find concurrent expression of molecular MIC markers and spatial enrichment of these histone modifications at perimeter features. Chromatin immunoprecipitation and sequencing analysis demonstrates broad regulation of genes associated with SOX-, ETS-, and USF-families. SOX10 and PRDM14, transcriptional regulators with a putative role in several cancers, overlap with H3K9Ac and show elevated expression in cells along regions of perimeter curvature. siRNA knockdown of the epigenetic modifier PRDM14 abolishes the MIC phenotype suggesting a role in regulating melanoma heterogeneity. Our results suggest mechanotransduction at the periphery of melanoma tumors may orchestrate the activity of epigenetic modifiers to regulate histone state, cellular plasticity, and tumorigenicity.
Introduction
Malignant transformation and metastatic spread are known to be mediated by both genetic abnormalities [1] and epigenetic alterations. [2] Epigenetics, defined as heritable change in gene expression occurring independent of changes in primary DNA sequence, is strongly implicated in the underlying mechanisms of cancer progression. [3] Microenvironment-mediated epigenetic regulation of cancer-related gene expression through DNA methylation, histone modification, and chromatin compartments is now believed to take part in a broad spectrum of cancer behaviors ranging from initiation to phenotypic alteration. [4] Histone modifications, including methylation, phosphorylation, and acetylation are covalent post-translational modifications to histone proteins. These modifications allow histones to alter the structure of chromatin, resulting in transcriptional activation or repression, that affect changes in cell behavior. For example, histone H3 lysine 4 di/tri-methylation (H3K4me2/3) and histone H3 acetylation (H3ac) are generally associated with gene activation, [5] whereas H3K27me, which marks active cis-regulatory elements, is associated with gene inactivation. [6] The detection of cancer-specific changes through histone modifications as epigenetic biomarkers has potential for clinical prediction, diagnosis, and therapeutic development.
Malignant melanoma-initiating cells (MICs), also referred to as melanoma repopulating cells or melanoma stem cells, are a dynamic sub-populations of cells that may arise during progression with tumor initiating capacities. [7] Unlike the clonal evolution model describing how a single cell accumulates genetic and epigenetic changes until becoming a cancer tumor cell, [1] the cancer stem cell model suggests a hierarchical organization (unidirectional) of cancer cells, according to their tumorigenic potential that has important implications for cancer therapy with stem cell-specific treatment regimens. [8] However, accumulating evidence surrounding cancer plasticity supports a new emerging model of tumorigenicity, in which dynamic plasticity facilitates malignant cells to revert to a stem cell-like phenotype. [9] Recently, we and other groups have shown that cancer cells are more plastic than previously anticipated. For instance, conversion to a stem cell-like state has been guided by microenvironment-mediated epigenetic regulation of gene expression including factors such as pH, [10] radiation, [11] stiffness, [12] hypoxia, [13] and interfacial stress. [14] These microenvironment parameters are not mutually exclusive and likely integrate in a context-dependent fashion during progression to guide tumor heterogeneity underlying progression. Hence, we hypothesize that if tumor cells are put into a specific context which facilitates reprogramming to the MIC phenotype, specific histone modifications may be used to understand the mechanisms underlying phenotypic alterations during progression. Our use of microengineering based on soft lithography allows us mimic aspects of the tumor microenvironment, thus effectively deconstructing the biophysical cues of stiffness and geometry to probe how these parameters provide a context to facilitate epigenetic reprogramming to a stem cell-like tumorigenic state.
Results and Discussion

Geometric cues regulate histone methylation and acetylation in melanoma
To classify histones linked to epigenetic reprogramming from melanoma to the MIC state, we employed microengineered hydrogels that we previously demonstrated will coordinate enhancement of the MIC phenotype with spatial control (Fig. S1 ). In our previous study, B16F0 murine melanoma cells cultured for five days expressed higher levels of MIC markers at the periphery of microaggregates, with stem cell-like characteristics demonstrated in vitro and in vivo. [14] To understand how geometric cues at the perimeter of microaggregates of melanoma cells will influence histone state we characterized a panel of histone marks that are implicated in controlling oncogenic gene activation. We first analyzed methylation state at Histone H3; histone H3 lysine 4 methylations (mono, di, and tri) were studied because these are known as active histone marks. [5] In addition, Jarid1B (gene name: KDM5B) was also investigated because it is a common molecular marker of MICs, and is the histone lysine demethylase for H3K4me3/2/1 with pronounced roles in different cancer types. [15] For example, overexpression of Jarid1B in the MDA-MB 231 breast cancer cells suppressed malignant characteristics such as cell migration and invasion, [16] while overexpression of Jarid1B in melanoma [17] or immortalized normal breast cancer cells (MCF10A) [18] was found to enhance metastatic progression or cell invasion, respectively. Another representative histone mark associated with transcriptional activation, histone H3 lysine 36 methylation (H3K36me2), and a histone mark correlated with transcriptional repression, histone H3 lysine 9 methylation (H3K9me3), were also employed.
We cultured cells for five days on five different micropatterned hydrogel substrates with the same area (50,000 μm 2 ) or on non-patterned protein-stamped hydrogel substrates (10 kPa gels for both patterned and non-patterned) and immunostained for histone methylation state ( Fig.   1A , S2, and S3). Interestingly, H3K4me2 and H3K36me2 expression co-localized with cells adopting the MIC phenotype at the periphery of microaggregates. We selected cells cultured for five days in the spiral shape for flow cytometry analysis because we previously found that this shape will augment the MIC phenotype [19] through high interfacial boundary (perimeter/area) and high curvature. [14] Similar to the immunofluorescence results, cells cultured in the spiral patterns display higher levels of H3K4me2 and H3K36me2 expression compared to those cultured on non-patterned surfaces ( Fig. 1B) . To gain an understanding into the mechanism underlying the observed spatial distribution of histone marks, cells were grown in circular shapes, followed by quantification of histone marks in two different regions (outside and inside) within the same area. Cells cultured at the perimeter displayed significantly higher levels of H3K4me2 compared to those cultured at central regions ( Fig. 1C ), suggesting that regulation of gene expression associated with reprogramming of melanoma cells into the MIC phenotype could be linked to the H3K4me2 mark.
Histone acetylation is also an important modification in regulating chromatin accessibility and regulation of gene expression, [20] and various histone acetylation states have been shown to control gene expression during cancer progression. [21] To probe acetylation activity in our micropatterned cultures, we selected a panel of class I histone deacetylases (HDAC) and measured global acetylation of lysine (AcK), and histone H3 lysine 4 and 9 (H3K4ac and H3K9ac) marks which are associated with gene activation. By applying the same process for identifying methylation states involved in perimeter activation of MICs, we found that cells cultured at the periphery of different shapes expressed higher levels of HDAC1, AcK, H3K4ac, and H3K9ac compared to those cultured at central regions ( Fig. 2A , S2, and S4). Flow cytometry of cells cultured in spiral patterns or on non-patterned substrates supported these immunofluorescence results ( Fig. 2B ). Regional analysis reveals that cells cultured at the periphery of shapes exhibit significant elevation of the H3K9ac mark ( Fig. 2C and D), corresponding to lower expression levels of MIC and stemness markers ( Fig. S5 ). AcK and histone marks H3K4ac showed perimeter enhancement, although the difference was not statistically significant. We also immunostained cells cultured along straight lines and ring shapes where curvature and perimeter/area ratio can be varied. After five days in culture, we see cells show higher levels of H3K9ac with increased perimeter curvature and P/A, with a modest reduction in HDAC3 expression, although the difference is not statistically significant.
While preliminary, this result supports a potential role for HDAC3 in deacetylating H3K9ac ( Fig. 2E ).
Inhibiting chromatin-modifying enzymes augment regional variations in the stem
cell-like phenotype in melanoma
We next employed an inhibition study in microengineered melanoma aggregates to decouple the potential role of chromatin modifying enzymes in regulating the MIC state. To investigate the role of Jarid1B, a histone demethylase for H3K4me3/2/1 and an established molecular marker for MICs [15] in demethylase activity associated with the stem cell-like state, we cultured B16F0 cells in spiral geometries with small interfering RNA (siRNA) of Jarid1B with scrambled siRNA as control. siRNA concentration and delivery time were adjusted to ensure cells in control and experimental conditions reached approximately the same confluence. After five days in culture, we performed gene expression analysis using quantitative polymerase chain reaction (qPCR) of a panel of markers associated with the MIC state (CD271 ,Sox2, Oct4, and Nanog). We see a lower degree of transcript expression for markers associated with stemness for cells cultured with Jarid1B siRNA, but we found concentration dependent changes for transcript expression of CD271 ( Fig. S6A -F). To evaluate the potential role of Jarid1B in regulating the H3K4me3/2/1 histone marks across spatial regions, we performed immunofluorescence staining of H3K4me3/2/1 for cells cultured in circular shapes, treated with Jarid1B or scrambled siRNA. Jarid1b knockdown does not change the levels of H3K4me2, while leading to an increase in the H3K4me3. This suggests Jarid1b is involved in demethylation of H3K4 but not necessarily associated with regulation of the MIC state at geometric features ( Fig. S6G and S7 ).
Interestingly, we also see a lower degree of transcript expression of HDAC1 for cells cultured with Jarid1B siRNA (Fig. S6E ), this may be because HDAC1 is linked to the domains of Jarid1B [15] and one of the EMT-inducing genes (Snail) when complexed with HDAC2. [22] Therefore, to discern a role of HDACs in regulating the MIC phenotype, we supplemented our patterned cultures with the broad spectrum HDAC inhibitors valproic acid (VPA), sodium butyrate (NaB), or Trichostatin A (TSA). Addition of HDAC inhibitors led to a notable increase in not only histone acetylation but also MIC markers ( Fig. 3A -C and Fig. S8 ). The broadspectrum inhibitory potency of these compounds, coupled with the multivariate roles of HDACs, may give rise to marker dependent variations; however, our hypothesis that histone acetylation augments MIC states remains viable in general and corresponds to a previous report that showed HDAC inhibition played an important role in cancer stem cells and epithelial to mesenchymal transition (EMT). [23] Future work will benefit from the use of more selective inhibitors to isolate the roles of specific enzymes in regulating acetylation state. [24] 
Histone 3 lysine 4 regulates oncogenic gene expression
To understand the possible mechanisms underlying changes in cell state on account of specific histone marks, B16 melanoma cells were grown on spiral patterned (reprogramming) or nonpatterned (control) hydrogel substrates for five days, followed by chromatin immunoprecipitation and DNA sequencing (ChIP-seq). ChIP assays specific for the identified histone marks (H3K4me2/H3K9ac) were performed and differential ChIP peaks were identified with at least a 2-fold change and 0.001 FDR cutoff ( Fig. 4 and S9). More differential H3K4me2 (57.3%)/H3K9ac (77.8%) peaks were shown for the cells cultured in spiral geometries. To gain insights into potential regulators at these differential sites such as DNA-binding transcription factors, we also performed motif enrichment analysis. We found that differential peaks in spiral patterned versus non-pattered cells are enriched for distinct motif families; ERG (ETS)/Pit1/SOX2/9 (reprogramming) or ETS1/TcFap2e1/USF2 (control) for H3K4me2 differential peaks and ERG (ETS)/SOX10/MITF (reprogramming) or RBPJ/Nur77/Nkx2 (control) for H3K9ac differential peaks. ETS genes are known to be linked to p38/ERK mitogen-activated protein kinases (MAPK) signaling for tumor growth and progression. [25] For example, ETS1 could promote the development and invasion of malignant melanoma, [26] and when it associated with RhoC (also enriched for cells on spiral patterned hydrogels), melanoma cells could be progressive and metastatic. [27] Although the ETS family was also a top ranked motif for H3K4me2 peaks in non-patterned cells, enriched gene annotation associated with the differential peaks ( Fig. S10 and S11) suggest a distinct role in coordinating the MIC phenotype.
Pit1 is also known to upregulate Snai1, leading to tumor EMT and their growth and metastasis. [28] Similar trends were observed for H3K9ac peaks but it has more distinct and specific differences between cells cultured on spiral patterned and non-patterned hydrogel substrates ( Fig. 4 ).
Histone H3 lysine 9 acetylation regulates MIC state through SOX10 motif
One of the top motifs associated with H3K9ac for cells cultured in regions of high curvature and Perimeter/Area is SOX10, a neural crest stem cell marker. Previous studies revealed that SOX10 played an important role in melanoma cell survival, proliferation, and metastasis. [29] It was also reported that the CD271 expression for malanoma, one of representative markers for the MIC state, was directly related to the expression of SOX10. [30] In addition, previous studies showed that MITF which could function as a melanoma oncogene was associated with melanoma progression, [31] and SOX10 is known to act upstream of MITF, [32] meaning that SOX10 may thus contribute to the melanoma-specific expression of genes associated with the MIC state. Interestingly, the enriched mouse phenotype annotations related to SOX10 family in H3K9ac peaks for reprogrammed cells suggest that increased tumor incidence and tumorigenesis are involved in their mouse phenotype. Furthermore, Nanog and SOX2 targets may be perturbed by the SOX10 family, suggesting the importance of SOX10 in activation of cells to the MIC state at the tumor periphery. Since we found that the SOX10 motif was enriched inside the differential histone peaks ( Fig. 4 and S12), we conducted immunofluorescence for SOX10 on our microaggreagates as well as ChIP-seq of SOX10. Cells cultured at the perimeter of microaggregates express higher levels of SOX10 compared to those cultured in central regions (Fig. 5A) , and we see 14 differential peaks associated with cells cultured on patterned gels compared to those cultured on non-patterned gels. Note that some genes like Med27 and Trim14 inside H3K4me2 peaks were shown as one of the best differential SOX10 peaks associated with activated cells, and some peaks located nearby Klf12, Scml4, and Dync1li2 were intersected with differential H3K9 peaks (Fig. S12) . These genes may also be involved in malignant melanoma transformation.
Melanoma initiating cell phenotypes at the perimeter are directed by PR/SET
Domain-containing 14 (PRDM14)
To further confirm the association between the high ranked regulatory motifs (ERG (ETS), SOX10, and MITF for activated cells upregulating H3K9ac peaks) and regulation of downstream target genes, we identified H3K9ac differential peaks between two different conditions (reprogrammed and control cells). A number of these differential peaks were located in the regulatory domains of genes associated with cancer growth and progression and thus, we analyzed the expression of these genes for reprogrammed cells over control. Cells were cultured for 5 days on patterned substrates followed by lysis, RNA isolation and real time PCR.
Interestingly, activated cells cultured on patterned substrates show significantly higher expression of genes related to malignant melanoma such as CTGF (~5-fold) and NT5C2 (~3fold) compared to cells cultured on non-patterned substrates (Fig. 5B) . The most highly differentially expressed gene associated with H3K9ac/SOX10 is PRDM14 (PR/SET Domaincontaining 14, ~25-fold). PRDM14 is an epigenetic modifier involved in regulating pluripotency of stem cells with a clear role in modulating expression of core transcription factors Nanog, Sox2, and Oct4. [33] [34] [35] [36] [37] PRDM14 is required to repress genes associated with lineage commitment and ensures naïve pluripotency in embryonic stem cells. [36] In addition, PRDM14 has been implicated in affecting the severity of several human cancers including breast [38] and leukemia [39] with evidence of a link to regulating a stem cell-like state. [39] To date PRDM14 has not been linked to tumorigenicity and the MIC state in melanoma. These findings are supported by the number of overlaps for peak co-occurrence of PRDM14 (pre-existing PRDM14 ChiP-seq data in the literature) [40] with the H3K9ac and H3K4me2 marks from our study within 1000bp, showing significant overlap with all of the peak sets and differential peak sets, except for PvsNP_k4me2 (Table S1 ).
To explore how PRDM14 plays a supportive role in coordinating the epigenetic state of melanoma in response to perimeter geometry, we performed knockdowns of PRDM14 using siRNA. Knockdown was verified by qPCR and Western analysis using three different siRNAs against PRDM14 with a scrambled control (Fig. S13 ). PRDM14 knockdown resulted in a decrease in expression for genes linked to the MIC state; knockdown of PRDM14 led to complete abolishment of pluripotency markers SOX2, OCT4, and Nanog, and putative MIC markers CD271 and CD133; PRDM14 knockdown led to a partial decrease in Jarid1B expression ( Fig. 5C ). To confirm the localization of PRDM14 at perimeter features of micropatterned melanoma aggregates, we performed immunofluorescence characterization in both B16 cells and human primary melanoma cells. Figure 5D shows perimeter enrichment of PRDM14 in the B16F0 cells and to a lesser extent the B16F10 cells. The higher localization at the periphery in the B16F0 cells is consistent with a mechanism where PRDM14 is activated at the interface to reprogram cells of low metastatic potential to a highly metastatic MIC phenotype. To verify our observations in human cells, we chose to look at a BRAF mutant primary human melanoma cell line (hMela). Human melanoma cells show significant enhancement in both CD271 and PRDM14 ( Figure 5D and E), suggesting this mechanism is not unique to mouse cell lines but may play a role in guiding the MIC phenotype in human cells.
While we have shown how geometric cues can give rise to differential activity of PRDM14, it remains to be demonstrated how PRDM14 is activated based on these biophysical inputs.
Furthermore, there are many other histone marks that remain to be profiled in order to map the complexity of epigenetic reprogramming in melanoma. For instance, a recent study demonstrated a link between H3K27me3 and mouse germ cell migration. [41] Nevertheless, our ChIP-seq analysis serves to illuminate how mechanotransduction can regulate the activity of stemness-related epigenetic modifiers including PRDM14 (Fig. 5C ).
Conclusion
In this paper we show how changes in specific histone marks at the perimeter of melanoma aggregates correspond to phenotypic alteration of melanoma cells to a stem cell-like MIC state.
We show that stress exerted on microconfined cells at the periphery primes the melanoma phenotype through epigenetic reprogramming via histone modifications H3K9ac and H3K4me2, and involvement of the epigenetic modifier PRDM14. The mechanistic basis of such changes may be related to the response of tumors to their microenvironment where intratumor pressure, extracellular mechanics, and curvature at the margin, coordinate to provide a context in which mechanotransduction and downstream gene expression are regulated by these multivariate signals. Since these microenvironment parameters coincide with tumor angiogenesis, [19] it is important to consider the ramifications of transformation to a MIC state in proximity to pathways for metastasis. These findings may help guide researchers in further exploring epigenetic signatures for tumor malignancy, and the development of novel strategies to prevent, diagnose, and treat metastatic cancers.
Experimental Section
Hydrogel fabrication: 10 kPa polyacrylamide hydrogels (PA) were made as described previously. [14] Briefly, 10% acrylamide and 0.1% bis-acrylamide (Sigma) solution were prepared and mixed with initiators, 0.01% ammonium persulfate (APS, Sigma) and tetramethylethylenediamine (TEMED, Sigma), to initiate gelation. 20 µl of the mixture was sandwiched between a glass coverslip (18 mm, Fisher Scientific) functionalized with 3aminopropyltriethoxysilane for 3 min and glutaraldehyde for 30 min (Sigma) and a hydrophobically treated glass slide to generate the even and homogeneous surface of gels on the activated coverslips. After around 25 min of gelation, the coverslips conjugated with gels were gently detached from the hydrophobically treated glass slide. Hydrazine hydrate (55%) chemistry was employed to modify the surface chemistry of PA gels and applied to the gels surface for 2 h with rocking, followed by washing with 5% glacial acetic acid for 1 h and distilled water for 1 h. PA gels fabricated on cover slips were stored at 4°C for later use.
Polydimethylsiloxane (PDMS, Polysciences) stamps were fabricated from silicon masters made by conventional photolithography for patterned or non-patterned shapes. To generate free aldehydes from oxidize sugar groups in matrix protein (fibronectin, Sigma), sodium periodate (~3.5mg/ml, Sigma) for at least 45 min was employed. The protein solution was mounted onto patterned or non-patterned (flat surface) stamps for 30 min and dried with air. Micro-contact printing was used to transfer the protein residues on stamps to the gel surface (chemical conjugation).
Cell source and culture: The cancer cell lines B16F0 cells were purchased from American Type Culture Collection (ATCC) and cultured according to the recommended protocols. Media was changed every 3 to 4 days and cells were passaged at nearly 90% confluence using 0.25% trypsin (Gibco). B16F0 cells were verified for mycoplasma contamination at Charles River Laboratories for cell line testing. De-identified primary human melanoma cells were a kind gift from John A. Copland III from the Mayo Clinic, Jacksonville,
FL.
Immunofluorescence: B16F0 cells were fixed using 4% paraformaldehyde for 20 minutes. Cells were permeabilized with 0.1% Triton-X100 for 30 min at room temperature and then blocked with 1% bovine serum for 15 min. Cells were stained with the appropriate primary and secondary antibodies (Table S2 ). Before every step, cells were washed at least twice with PBS. Imaging was performed using an LSM 700 (Carl Zeiss, Inc.) four laser point scanning confocal microscope with a single pinhole for confocal imaging for fluorescence imaging. Inhibition assay and siRNA: Histone deacetylase (HDAC) inhibitors, valproic acid (VPA, Sigma-Aldrich (P4543)) sodium butyrate (NaB, Bio Vision (1609-1000)), or Trichostatin A (TSA, Sigma-Aldrich (T8552)) were added to cells in media before seeding and after changing media at 1 μg/ml, respectively. MAP kinase inhibitors for ERK1/2 (FR180204) and p38 (SB202190) (Calbiochem) were supplemented in the media at 6 μM after seeding cells and changing each media. Blocking integrin α5ß1 was performed by adding the antibodies to cells in media before seeding at 1μg/ml. The siRNAs for Jarid1B (ID 75605, Trilencer-27
Mouse siRNA, siRNA A: SR422988A, siRNA B: SR422988B, and siRNA C: SR422988C) or scrambled siRNAs (SR30004) were purchased from OriGene. Transfection was performed according to the vendor's instructions. Lipofectamine 2000 TM was employed for higher transfection efficiency. Cells cultured for 5 days in patterned substrates were treated with siRNA twice at day 1 and day 3.
Cell labelling and flow cytometry: B16F0 cells cultured for five days on spiral-patterned or non-patterned gels (12 identical substrates for each condition) were isolated from substrates by trypsin, followed by breaking down into a single cell suspension. Cells were fixed in 4% paraformaldehyde for 20 min and then permeabilized in 0.1% Triton X-100 in PBS for 30 min.
After blocking cells in 1% BSA in PBS for 1 h, Cells were stained with primary antibodies in 1% BSA in PBS overnight at 4°C and then secondary antibodies in 2% goat serum, 1% BSA in PBS for 20 min in a humid chamber (5% CO2 and 37°C). Before every step, cells were rinsed at least three times with PBS. A BD LSR Fortessa Flow Cytometry Analyzer was used to perform flow cytometry analysis. To set the baseline, negative controls were prepared by staining cells without primary antibodies.
Microscopy data analysis: Confocal images were analyzed using ImageJ software.
Multiple cells were imaged for each condition and fluorescence intensities of single cells in different regions of patterns (after background subtraction) were used to compare marker expression. For generating immunofluorescence heatmaps, cells cultured on various shapes were fixed, stained, and imaged on the same day using the same settings. After subtraction of background intensities of raw fluorescent images, patterns were aligned in ImageJ with the same orientation as cultured across the surface, followed by incorporating into a Z stack with the average intensity calculated for heatmap generation.
Chromatin immunoprecipitation and sequencing (Chip-seq): H3K4me2 and H3K9ac
ChiP samples were prepared from B16 melanoma cells cultured on patterned or non-patterned substrates, and ChiP DNA quality was verified as previously described 41 . B16 melanoma cells were cultured for five days and then fixed with 1% formaldehyde for 10 min at room temperature. Fixations were quenched by glycine (125 mM), followed by washing cells with cold 1x PBS two times. Cells were treated with hypotonic lysis buffer for 10 min (20 mM with default factor settings, except local filtering was disabled (-L 0) and input filtering was set at three-fold over background (-F 3), to increase the sensitivity of the peak calling and identify individual subunits of multihistone peaks. After peak calling, peak files were annotated to the mouse mm9 genome using HOMER's annotation script to assign peaks to genes, and associate peaks with differential expression data. BigWiggle pileup files were generated using HOMER's makeBigWig.pl script with default settings. Differential chromatin peaks were identified using the HOMER getDifferentialPeak.pl script, looking for any peaks that changed at least two-fold between conditions with a significance cutoff of 1 x 10 -4 . Genes annotated nearby differential Results of real-time PCR to measure the expression of genes associated with the differential peaks of H3K9ac/SOX10 motif. (N=4) (C) Results of real-time PCR to measure the gene expression of stemness (SOX2, OCT4, Nanog) and MIC (CD271, CD133, Jarid1B) for B16F0 cells cultured on spiral geometries for 5 days with PRDM14 or scrambled siRNAs (N=4). (D) Representative immunofluorescence images and relative intensity of representative MIC marker, CD271 for hMela cells cultured for five days on circular or spiral geometries or nonpatterned substrates. (N=3). (E) Immunofluorescence heatmaps and relative intensity of PRDM14 expression for B16F0, B16F10, and hMela cells cultured for five days on circular or spiral geometries or non-patterned substrates. (N=3). Scale bars, 50 μm. *P < 0.05, **P < 0.005, ***P < 0.0005, ANOVA. Error bars represent s.d.
